Objective. Systemic lupus erythematosus (SLE) is treated with anti-inflammatory and immunosuppressive drugs and off-label biologics. Belimumab is the first biologic approved after 50 years as an add-on therapy for active disease. This paper summarizes a health technology assessment performed in Italy. Methods. SLE epidemiology and burden were assessed using the best published international and national evidences and efficacy and safety of belimumab were synthesized using clinical data. A cost-effectiveness analysis was performed by a lifetime microsimulation model comparing belimumab to standard of care (SoC). Organizational and ethical implications were discussed. Results. Literature review showed that SLE affects 47 per 100,000 people for a total of 28,500 patients in Italy, 50% of whom are affected by active form of the disease despite SoC. These patients, if autoantibodies and anti-dsDNA positive with low complement, are eligible for belimumab. SLE determines work disability and a 2-5-fold increase in mortality. Belimumab with SoC may prevent 4,742 flares in three years being cost-effective with an incremental costeffectiveness ratio of C32,859 per quality adjusted life year gained. From the organizational perspective, the development of clear and comprehensive clinical pathways is crucial. Conclusions. The assessment supports the use of belimumab into the SLE treatment paradigm in Italy.
Introduction
Systemic lupus erythematosus (SLE) is a chronic inflammatory autoimmune disease harming skin, joints, kidneys, lungs, nervous system, and serous membranes which mostly occurs in fertile women [1] . The feature that affects patient's long term survival is tissue damage, especially when organs such as kidneys are involved [2] [3] [4] .
Recent EULAR (EUropean League Against Rheumatism) recommendations for the management of patients affected by SLE were published in 2008 [5] . In 2010, EULAR recommendations for neuropsychiatric lupus were also defined 2 BioMed Research International [6] while, in 2012, the American College of Rheumatology (ACR) released recommendations for the management of lupus nephritis [7] .
In the last 50 years no new drugs for SLE have been approved. Therapy for SLE includes nonsteroidal antiinflammatory drugs (NSAIDs), corticosteroids, antimalarial agents, and immunosuppressant drugs [8] . None of these treatments has a specific target; rather, their aim is the reduction of inflammation and unspecific suppression of the immune system. In the last 15 years immunosuppressant and immunomodulating drugs, which act on specific target immune cells, were added as second-line treatment. Despite the large availability of these treatments, approximately 50% of patients have persistence of active SLE or the occurrence of a relapse [9, 10] which both require modifications of therapy, most commonly with an increase of corticosteroid dosage and introduction of immunosuppressant drugs [8] .
This paper summarizes the results of a health technology assessment (HTA) of belimumab, which was approved at the dosage of 10 mg/kg by the US Food and Drug Administration (FDA) on March 2011 and by the European Medicines Agency (EMA) on July 2011.
Belimumab is indicated as an add-on treatment for SLE in adults with a positive autoantibody test whose disease is still highly active (e.g., anti-dsDNA positive and low complement) despite standard treatment with the exception of patients with severe active lupus nephritis or severe active central nervous system lupus [11] . Because of the unmet therapeutic need of these patients, belimumab could be a much awaited treatment from both physicians and patients and may potentially change the therapeutic framework of SLE in Italy.
The HTA of belimumab aims to fill the need for knowledge about this treatment and to establish a good basis for its proper use. Moreover the HTA may direct the design of further research and the information or training of health professionals and/or patients. The final purpose is thus to contribute to a greater effectiveness and efficiency of the decision making process.
Methods
An HTA was performed to evaluate the value of using belimumab for treating patients affected by SLE in the Italian context.
Epidemiology of the Disease.
Target condition and population were defined using systematic reviews of the literature. Studies published on PubMed dealing with prevalence and incidence of SLE worldwide and in Italy were examined to define the frequency of the disease. The same approach was used to address the frequency of people with disability due to SLE. In order to perform these reviews the following keywords were used: "Lupus Erythematosus, Systemic" [Mesh], LES, "Epidemiology" [Mesh] , incidence, prevalence, burden, and frequency.
Efficacy and Safety of Belimumab.
A literature search was performed in PubMed and Embase to identify randomized clinical trials (RCTs) reporting the efficacy and safety of belimumab. In order to perform these reviews the following keywords were used: Belimumab, Efficacy, Safety, "Clinical Trial. " Moreover European Public Assessment Report (EPAR) and data supplied by marketing authorization holder (GlaxoSmithKline) were reported.
Cost-Effectiveness Analysis.
A cost-effectiveness analysis was performed from both the Italian National Health Service (NHS) and societal perspectives. In particular, a microsimulation cost-effectiveness model was developed to assess the cost-effectiveness of belimumab (10 mg/kg) + the standard of care (SoC) compared to the SoC alone. The model was developed by Pharmerit International Company on Excel software and then adapted to the Italian context. Table 1 shows the main features of the economic model. The long term outcomes used in the model were based on data from the BLISS trials [12] and the Johns Hopkins observational cohort study [13] . The BLISS trials informed the likelihood of response at week 24, the change in SELENA-SLEDAI (Systemic Lupus Erythematosus Disease Activity Index) score up to week 52, the likelihood of discontinuation, and the effect of SELENA-SLEDAI score on utility and treatment costs. The efficacy recorded in the trials was projected over the 10-year maximum treatment period, in accordance with NICE report [14] . The main parameters used in the base case scenario are shown in Table 5 .
Cost data (C, 2011) were collected from the National Tariffs [15] and, when not available, through the international literature adjusting for currency and inflation [16] [17] [18] [19] .
As the analysis was conducted from both societal and NHS perspectives, direct and indirect costs were considered [20, 21] . In particular, direct costs were related to diagnostic tests, specialist visits, and organ damage. Regarding indirect costs, the human capital approach was followed to carry out the analysis.
Utility data, used to calculate quality adjusted life years (QALYs) related to the different health states (Figure 1 ), were retrieved from international literature, on the basis of the utilities elicited within the BLISS trial that considered a representative sample of UK patients [14] . The horizon of the analysis was lifetime and costs and benefits were discounted at 3% yearly. Results were reported as incremental cost-effectiveness ratio (ICER), expressed in terms of incremental cost per life year (LY) gained and QALY gained.
To assess the robustness of the base case results, univariate and probabilistic sensitivity analyses (PSA) were conducted on the following critical parameters (the distribution is reported in brackets):
(i) change in SELENA-SLEDAI score at week 52 (multivariate normal distribution); (ii) change in SELENA-SLEDAI score according to the natural history model (multivariate normal distribution); (iii) discontinuation rate (normal distribution); (iv) probability of response (gamma distribution); (v) mortality and organ damage development probabilities according to the natural history model (multivariate normal distribution); (vi) standardized mortality rates (normal distribution); (vii) utility values (multivariate normal distribution); (viii) organ damage disutility (gamma distribution);
(ix) costs associated with each SELENA-SLEDAI score (gamma distribution); (x) organ damage costs (gamma distribution);
(xi) indirect costs (normal distribution).
A cost-effectiveness acceptability curve (CEAC) was reported to assess how the probability of cost-effectiveness of belimumab varies according to different threshold values.
Organizational Aspects and Impacts. A literature review
was performed to analyze health needs, healthcare priorities, and quality of life (QoL) of patients with SLE. These aspects were identified as a result of a discussion with key opinion leaders involved in SLE management. The keywords used to perform the review were "Lupus Erythematosus, Systemic" [Mesh], LES, health needs, healthcare priorities, and quality of life.
Ethical Evaluation.
The ethical issues linked to the utilization of the product were taken into account through a framework including epistemological data, anthropologic reference, and ethical evaluation. With respect to human values, the following elements were considered: risk/benefit ratio, QoL, patient's autonomy, and social justice.
Results

Epidemiology of the Disease.
SLE is due to both genetic and environmental factors which leads to a deregulation of the immune response. The diagnosis relies on clinical anamnesis, medical investigation, and laboratory tests which are useful to exclude different diseases. Eleven criteria were developed and provided by the ACR to make diagnosis [22] and have been recently revised and validated by the Systemic Lupus International Collaborating Clinics (SLICC) group [23] . The diagnosis is often late because of the insidious onset [24] . The disease has a remitting-relapsing pattern with the occurrence of flares, with objective increase in disease activity marked by onset or worsening of signs and symptoms [2, 3, 25] . The SLEDAI, the British Isles Lupus Assessment Group (BILAG), the Physician's Global Assessment (PGA), and the SLE Responder Index (SRI) were developed to assess disease activity. The disease determines joint pain, which occurs in about 90% of patients [1, 26, 27] ; skin rashes, which develop during the course of the disease in 85% of patients [1, 24, [26] [27] [28] ; glomerulonephritis, in about 50% of patients, which may cause renal failure in 20% [28] [29] [30] .
The disease is more common in non-Caucasian people, in particular Black and Hispanic [31, 32] . It affects women in 80-90% of cases with a female/male ratio ranging between 6 and 10 [31, 32] . The peak of incidence is reached between 15 and 44 years of age [31, 32] .
The systematic review of the literature yielded 29 studies performed in Europe or America from 1980 on. Twenty-one studies were carried out in Europe on people belonging to Caucasian race mainly. The prevalence varied from 20 to 50 cases per 100,000 while the incidence ranged from 2 to 5 cases per 100,000 each year.
In Italy only two small studies addressed the epidemiology of SLE [33, 34] : prevalence ranged between 57.9 and 71 cases per 100,000 while incidence varied from 1.15 to 2.6 per 100,000. To calculate the population eligible to receive belimumab, data were searched in the literature, specifically, the percentage of patients with active disease and low complement levels. Chronic active disease was defined according to a SLEDAI-2K ≥ 2 (excluding the serology) in at least two out of three annual medical examinations, whereas the relapsing-remitting disease was defined as a SLEDAI-2K ≥ 2 in at least one out of three annual medical examinations. Two studies released estimates of patients responding to these criteria [9, 10] for a mean value of 50%. A direct estimate of the presence of low complement together with anti-ds DNA positivity was provided by the Systemic Lupus Erythematosus Cost of Care In Europe Study (LUCIE) [35] which yielded a value of 39.6%. Considering a mean prevalence of 0.047% [36] the population of patients affected by SLE in Italy would be approximately 28,500, whereas the population eligible to receive belimumab would be approximately 5,300.
The survival of SLE patients has improved throughout the years and it is now over 90% at 5 and 10 years [37, 38] . Daily life activities most influenced by the disease include vigorous physical activities in 83.9% of cases, housework in 79.4%, sleep in 72.9%, work activities in 70.7%, and household business in 67.8% [39] . About one-third of patients became unable to work and are obliged to retire after 3-12 years following the diagnosis.
Efficacy and Safety of Belimumab.
The search identified one phase I study (LBSL01) [40] , one randomized, double blinded phase II study controlled with placebo (LBSL02) [41] , two randomized, double blinded phase III studies controlled with placebo (C1056 or BLISS-76 and C1057 or BLISS-52) [42, 43] , and a combined analysis of phase III clinical trials [12] .
Main results of the phase II and III trials on belimumab are reported in Table 2 . In the BLISS-76 and BLISS-52 phase III pivotal trials, the study population was treated with belimumab and SoC (corticosteroids, antimalarial agents, NSAIDs, cytotoxic chemotherapy, and immunosuppressive or immunomodulatory drugs) while controls received SoC plus placebo. Primary endpoint was a reduction in the SRI at week 52 in both studies. Secondary endpoints were flares frequency, time between flares (BLISS-76 study only), and effect of the treatment on corticosteroids dosage. All endpoints underwent an intention-to-treat analysis. Two belimumab doses were studied (1 mg/kg and 10 mg/kg). In both phase III trials, the primary endpoint was achieved in a significantly greater proportion of patients treated with the 10 mg/kg dosage compared to patients treated with placebo ( = 0.0006 in BLISS-52 and = 0.02 in BLISS-76). On the contrary, no statistically significant differences were observed between 1 mg/kg belimumab and placebo groups in the BLISS-76 study. A greater response to 10 mg/kg belimumab was also observed in the subgroup with more active disease (placebo: 31.7%; belimumab 1 mg/kg: 41.5%, = 0.002; belimumab 10 mg/kg: 51.5%, < 0.0001). This response maintained a statistically significant value even at week 76 only in the 10 mg/kg arm.
The combined analysis was performed collecting data from 1,684 patients enrolled in the two phase III studies. This analysis confirmed the results of the BLISS-52 and BLISS-76 trials and showed that belimumab allowed a significantly greater number of patients to reduce the prednisone dosage below 7.5 mg/die (18% in the 10 mg/kg group compared to 12% in controls, < 0.05). Also, the average number of flares/year per patient was significantly lower in the 10 mg/kg belimumab group compared to controls (2.9 versus 3.5, < 0.001), but no significant differences were observed in the number of severe flares/year (0.8 in the 10 mg/kg group compared to 1.0 in controls).
The safety profile of both doses of belimumab (1 mg/kg and 10 mg/kg) indicated that they were generally well tolerated. There were no significant differences between belimumab and placebo in terms of overall and serious dosedependent adverse events. No differences were observed in events leading to discontinuation of treatment. The majority of adverse events were mild or moderate. Table 3 shows the most common adverse events observed in phase II and III trials [41] [42] [43] .
Cost-Effectiveness Analysis.
The cost-effectiveness analysis showed that belimumab was cost-effective at the base case. In particular, from the Italian NHS perspective, ICER was equal to C22,990 and C32,859, respectively, for LY and QALY gained ( Table 4) . The results from the societal perspective Response at week 52: 58% in the 10 mg/kg belimumab group versus 44% in placebo group, < 0.001. Belimumab significantly reduced the number of severe flares (14% in the 10 mg/kg group compared to 23% in placebo group, = 0.006). Belimumab allowed a greater number of patients to reduce the prednisone dosage below 7.5 mg/die (19% in the 10 mg/kg group compared to 12% in placebo group, = 0.053) confirmed that belimumab can be considered even more costeffective achieving C20,119 for LY gained and C28,754 for QALY gained. The base case results were confirmed by the PSA. The PSA showed that when the threshold/QALY was equal to C30,000, belimumab was 29.1% more likely to be costeffective compared to the SoC. The CEAC showed that, when the willingness to pay/QALY was equal to C40,000, belimumab was 84.3% more likely to be cost-effective (Figure 2) . The univariate sensitivity analysis showed that main drivers of cost-effectiveness were the treatment effect and the discontinuation rate.
In conclusion, on the basis of CEAC, it is possible to state that the introduction of belimumab within the Italian context could be recommended as it is cost-effective from both NHS and societal perspectives.
Organizational Aspects and Impacts.
The functional status of the patients with SLE, especially during the phase of active disease, is generally compromised when compared with that of the general population. Patients also show a decrease in QoL in the sphere of both physical and emotional 20,000 40,000 60,000 80,000 100,000 120,000
Willingness to pay (€/QALY gained) Probability of being cost-effective Figure 2 : Probability of cost-effectiveness of belimumab according to the cost-effectiveness acceptability curve.
functions. The reduction of Health-Related Quality of Life (HR-QoL) is comparable to that of serious diseases such as acquired immunodeficiency syndrome (AIDS) or other chronic diseases such as rheumatoid arthritis, hypertension, congestive heart failure, diabetes mellitus, and myocardial infarction [44, 45] .
The available studies concerning the impact of belimumab on QoL showed a significant improvement in QoL in comparison to the control group (SoC), confirming the positive effect of the drug on the different dimensions of HRQoL [46, 47] .
The diagnosis of SLE is often late, largely due to the insidious onset of the disease [24] . Patients frequently need the advice and active cooperation of several specialists (rheumatologists, internists, nephrologists, immunologists, and dermatologists) and are hampered by the low prevalence of the disease [36] , the late diagnosis [24] , the strong interand intraregional heterogeneity in accessing new therapiesespecially in the case of infusion therapies-and the lack of specific clinical pathways.
According to the results of a survey carried out in Italy in 2011, SLE is treated in one out of four hospitals, and only 55% of centers treating SLE provide patients with intravenous biological drugs commonly used in the treatment of other diseases [48] . The complexity of taking charge of the patient and the use of off-label drugs represent further issues to be considered. In this context, belimumab would help to bridge the therapeutic gap for SLE, by adding value in terms of offering appropriate treatments and improvement of QoL.
Ethical Evaluation.
On the basis of phase III clinical trials, belimumab has a favorable risk-benefit profile even though further studies are needed to address the safety profile outside clinical research studies. Available studies also showed that belimumab can improve QoL. An adequate communication process about the possible risks and benefits, way of administering, and follow-up schedule, is required to guarantee the autonomy of the patient. The involvement of general practitioners (GPs), if integrated with specialist centers, might be an appropriate solution for diagnosis and timely initiation of therapy and to facilitate the communication process. The only critical point seems to be social justice, which is threatened by economic constraints and heterogeneity in access to care within Italy.
To guarantee the correct use of belimumab, several actions are needed: the promotion of integration between primary care and specialists, in order to allow a multidisciplinary approach to the management of this clinical condition; the collection of further evidence about efficacy, cost-effectiveness, and safety; and the guarantee of an equal access to clinical pathways and drugs for all the patients.
Notwithstanding, current evidence justifies a positive ethical evaluation of the use of belimumab.
Discussion
Belimumab represents the first drug approved in the last 50 years specifically to treat patients with active, autoantibody positive SLE who are receiving standard therapy. Prior to belimumab, the last drugs approved by the FDA were Plaquenil (hydroxychloroquine) and corticosteroids in 1955. This delay of development of new lupus drugs could be attributed in conducting phase III studies for regulatory approval. In fact, these studies have an intrinsic complexity related to the particular characteristics of such a complex disease as SLE and to the uneasy definition of the endpoints used to evaluate the efficacy of drugs.
The results of the HTA report presented in this paper show the advantages of belimumab by demonstrating its efficacy, cost-effectiveness, and ethical value which make it a useful therapeutic option with the potential to modify the course of SLE. With respect to efficacy, the HTA report by NICE [49] highlighted that there is an evidence of the clinical effectiveness of belimumab, although a greater consistency of results was observed in BLISS-52 trial, which is not as representative as BLISS-76 of European population. NICE assessment concluded that belimumab was not costeffective in comparison to SoC but judged appropriately the projection of data about outcomes from short to long term. Notwithstanding, NICE appraisal highlighted different concerns related to the model and its parameters, which may lead to either an over-or an underestimation of the ICER. In particular, since the discontinuation rate could have been underestimated, the ICER has been overestimated. This is relevant also because the discontinuation rate is likely to be higher as shown from the phase II extension study and agreed by clinicians [49] .
Finally, the NICE HTA report considered the characteristics of the population affected by the disease and the lack of other licensed treatments. Furthermore, belimumab was considered steroid sparing with the potential to reduce the side effects of these drugs.
Our report thoroughly dealt with epidemiological, economic, organizational, and ethical implications of the use of belimumab in the Italian context, making it possible to support a final positive opinion about the drug.
In fact SLE is a highly health-threatening disease which mainly affects not only women of childbearing age, but also adult males, children, and adolescents. The disease is also burdened with high social and health services costs. Chronic treatment with standard care exposes patients to health risks Daily steroid dose (mg/day)-mean 11.6
The characteristics are determined by pooling the patient-level data from BLISS-52 and BLISS-76 for placebo and belimumab 10 mg/kg.
and patients with high disease activity need alternatives to drug holidays or the increase in the dosage of other drugs. In some cases clinicians use therapies which are not indicated for SLE (off-label drugs), such as rituximab.
Our literature review showed that the prevalence of SLE is about 47 per 100,000 for a total of 28,500 patients in Italy. About 50% of patients are affected by the active form despite SoC. These patients, if positive to anti-dsDNA and with low complement, are eligible to receive belimumab. Furthermore SLE determines an increase in mortality and work disability with costs varying according to disease severity and the development of flares. According to efficacy data, belimumab in association with SoC would prevent 4,742 flares in three years and would be cost-effective. The definition of a clear and efficient treatment pathway for SLE would be worthwhile and requires the involvement of GPs as well as several specialists. Furthermore, belimumab could improve the QoL with positive ethical implications.
In conclusion, no other treatment obtained similar significant or comparable results. However there is a lack in long term efficacy data and also the evidence of the correlation between the SRI and survival should be strengthened. Furthermore safety profile was studied only for a maximum period of seven years of follow-up, which is still inadequate given the chronic nature of the disease. Efficacy data only come from studies versus placebo, since no other treatment proved a significant effect on the control of the disease.
Despite these limits, the strength of this work was the collection, combination, and synthesis of all available data which are important in order to support the sustainable introduction of a new drug. In this view, belimumab may be an innovative and important drug, and postmarketing research will play a key role in updating the HTA and further supporting decision making.
In conclusion this project demonstrates that belimumab may deserve to be introduced in the care of SLE patients in Italy. Our work suggests that tools such as HTA, characterized by a comprehensive approach to the evaluation of health technologies, should be used and implemented in the view of supporting an informed and evidence based decision making process [50] .
Conclusion
The HTA described in this paper shows the value of belimumab and gives important information for its proper use. In particular, the assessment demonstrated that belimumab may prevent flares and is cost-effective in patients with systemic lupus erythematosus who have a highly active disease despite standard of care.
